The family of leucocyte common antigen (LCA) transmembrane glycoproteins is expressed in most hematopoietic cells. 
INTRODUCTION
The leucocyte common antigen family of glycoproteins is abundantly expressed on the surface of most cells in .the hematopoietic lineage (Scheid and Triglia, 1979; Sarmiento et al., 1982) . These antigens (also known as CD45, Ly5, T200, and B220) have been identified in mouse, rat, chicken, and human systems (Komuro et al., 1975; Fabre and Williams, 1977; Judd et al., 1980; Omary et al., 1980; Houssaint et al., 1987) . Data from the analysis of cDNA clones indicate that the murine LCA molecule has a hydrophobic leader sequence, an N-terminal extracellular domain consisting of 402-.541 amino acids, a single transmembrane region, and a large cytoplasmic domain of 705 residues (Saga et al., 1986 (Saga et al., , with a correction, 1987 Thomas et al., 1987) . The mapping of this family as a single gene on the mouse chromosome 1 has been completed and shown to *Corresponding author. comprise 34 exons ; exons la and l b are alternatively excluded 5' untranslated sequences of LCA mRNAs, and exons 2-33 are protein-encoding. The function of the leucocyte common antigen has not been determined, although its involvement in leucocyte activities, such as natural killer cytolysis (Sparrow and McKenzie, 1983) , cytotoxic T-cell cytolysis (Harp et al., 1984) , as well as lymphocyte activation and differentiation (Yakura et al., 1986; Mittler et al., 1987; Pingel and Thomas, 1989) has been implicated. These roles may be mediated through the tyrosine phosphatase activity shown to be associated with the LCA molecule .
In the mouse, the LCA molecule shows heterogeneity in molecular weight, glycosylation, and antigenicity patterns. Differences in LCA family members have been traced to the alternative splicing of exons 4, 5, and 6, which generates multiple molecular isoforms ; Thomas et al., 1987 (Chang et al., 1989) . Glycosylation differences in the LCA protein family are also due to the inclusion of these variable exon sequences as the inserted amino acids contain many serine and threonine residues potentially linked to O-type carbohydrate structures (Childs et al., 1983; Johnson et al., 1989) .
Murine LCA glycoproteins bear the Ly5 alloantigenic determinant, which has been characterized in both inbred and wild strains of mice (Seldin et al., 1987) . Inbred mice have been categorized into three LCA alleles, Ly5 a, Ly5b, and Ly5c, which can be distinguished antigenically by their reactivity with specific monoclonal and alloantibodies (Ly5.1, Ly5.2) and genetically by RFLPs of mouse genomic DNA (Seldin et al., 1987 
DNA Sequencing and Analysis
Purified phage were excised as pBluescript plasmids using procedures developed by the manufacturer (Stratagene) and confirmed to contain LCA sequences by restriction enzyme mapping and hybridization with the LCA-specific oligonucleotides described before. Plasmid. DNA was purified on cesium-chloride density gradients (Ausubel et al., 1989) and sequenced by a modified dideoxy-chain-termination method (US Biochemicals) using Bluescript plasmid-specific primers and internal primers generated to the Ly5 b LCA cDNA sequence (Saga et al., 1986 (Saga et al., , with a correction, 1987 Raschke, 1987) .
Organization of the resulting DNA sequences and computer analysis was done on the Salk Institute VAX using University of Wisconsin Genetics Computer Group (UWGCG) programs (Devereux et al., 1984; Gribskov et al., 1986) .
Polymerase Chain Reaction
Cloned BALB/cke (Raschke, 1987) and SJA LCA cDNA samples were subjected to amplification by polymerase chain-reaction (PCR) procedures (Saiki et al., 1988) (Rappolee et al., 1989 For cloning PCR-amplified genomic sequences, DNA was purified from SJL/J mouse blood samples as described (Ausubel et al., 1989) (Saga et al., 1986 (Saga et al., , with a correction, 1987 Thomas et al., 1987) . The oligonucleotides used for the clone selection (#18, 19, 7, 10, 17) 
..
;--TW- ., svs,w , ; W-- (Saga et al., 1986 (Saga et al., , with a correction, 1987 Raschke, 1987) . A profile of seven isolated LCAspecific clones and the oligonucleotides used for their screening is diagrammed in Figure 1 . These clones were subjected to nucleic-acid sequence analysis and found to contain overlapping information from the entire exon arrangement of the murine LCA gene . Clones 871 and 271 contain information from the 5' untranslated end of the LCA gene: 871 is initiated from exon la, whereas the 5' end of clone 271 is from the alternative exon lb. These clones also include different sequence information from the alternatively spliced B-cell isoform exons (Thomas et al., 1987 (Saga et al., 1986 (Saga et al., , with a correction, 1987 Raschke, 1987; Thomas et al., 1987) (lanes 3, 4, 8, 9) corresponding to the Ly5 (lanes 1, 3, 6, 8) or Ly5 (lanes 2, 4, 7, 9) sequence were PCR-amplified using LCA-specific olgionucleotides at positions #1114-1131 and #1657-1669 (Fig. 2) . Amplified samples were digested with HinfI (lanes 6-9) or not Raschke, 1987) or mRNA (lanes 3, 7) and Ly5 mRNA (lanes 2, 6) were PCR-amplified with oligonucleotides corresponding to nucleotides #2531-2567 and #3167-3186 of LCA sequences (Fig. 2) FIGURE 4. Nucleotide sequence of SJL/J genomic DNA including exons la and lb. The nucleotide sequence of the fragment generated by PCR using SJL genomic DNA and the G44 and #46 oligonucleotides is shown. Differences with the Ly5 sequence are indicated above the Ly5 sequence (X indicates no nucleotide). The LCA-specific oligonucleotides used for fragment generation (G44, #46) are boxed, and the information obtained from cDNA library isolated clones (871, 271) is underlined. The start and end of exons la and lb sequences are shown. The start of exon 2 is also indicated and corresponds to the beginning of the cDNA sequence shown in Fig. 2 . Oligonucleotide 46 lies within exon 2. The string of thymidines that showed some variation in length between individual clones of PCR generated fragments is indicated by a heavy underline.
sequence from the 5' end of the LCA mRNA molecules and to examine the potential transcription regulatory sequences, a genomic fragment that includes exons la and lb sequences was generated from Ly5 DNA using PCR techniques. Genomic DNA was isolated from SJL/J (Ly5a) blood samples and amplified using LCA oligonucleotides G44 and #46 prepared to the Ly5 b published sequence at the 5' gene end (Figure 4 ; Saga et al., 1988) . The nucleotide sequence of the resulting 859-.bp PCR product is shown in Figure 4 as compared to the Ly5 b genomic sequence. Eight nucleotide differences in this region of the LCA gene have been identified between these two murine alleles. Two changes affect the sequence of exon lb: an insertion of a T at position 41, and a deletion of an A at position 64 of the exon lb Ly5 sequence. As indicated in Figure 4 , cDNA clone 271 does not extend far enough to detect these changes in exon lb. Six other nucleotide differences are present between the BALB/c and SJL LCA genomic fragment, yet none of these changes is expected to affect LCA gene regulatory TATA-like sequences (Saga et al., 1986 (Saga et al., , with a correction, 1987 Thomas et al., 1987) reveals 12 nucleotide changes. Several of these nucleotide changes cause alterations in the restriction enzyme digest patterns of LCA cDNA (see Table 1 ), and these enzymes were used to detect and confirm the specific changes among the two alleles by PCR using LCA-specific oligonucleotides. Five aminoacid substitutions between Ly5 and Ly5 b result from the allele nucleotide differences, and these changes all occur in the extracellular domain of the membrane-spanning LCA molecule. Interestingly, this variation in the extracellular domain of the two murine alleles parallels the homology found among interspecies LCA molecules. The LCA extracellular region is only about 50% similar among human, rat, and mouse LCA molecules , whereas the transmembrane and cytoplasmic regions show a higher degree of homology among these species (80-90%). Therefore, the same selection pressures are already evident over the short evolutionary time scale. (Figure 4 ) is predicted to affect transcript initiation or the start of translation for this gene. It should be noted that the Ly5 genomic sequence was generated from independent clones using polymerase chain reaction techniques reported to have a nucleotide incorporation-error frequency of 0.25% (Saiki et al., 1988 (Thomas et al., 1985; Shackelford and Trowbridge, 1986) , cytoplasmic protein tyrosine phosphatase activity Ostergaard et al., 1989) , and association with the cytoskeletal fodrin molecule (Bourguignon et al., 1985) , have led to the speculation that this family of molecules is involved in signal transduction. It has been demonstrated that the LCA molecule regulates T-cell growth (Kiener and Mittler, 1989; Ostergaard et al., 1989; Pingel and Thomas, 1989) through changes in molecular phosphorylation pathways. This hematopoietic cell-growth regulation may be triggered through the interaction of LCA with different T-and B-cell receptor molecules (Ledbetter et al., 1988) (Barklay et al., 1987; Rappolee et al., 1989) and mouse (Saga et al., 1986 (Saga et al., , with a correction, 1987 Raschke, 1987) Thomas and Lefrancois, 1988), including the identification of mRNAs corresponding to six of the eight possible alternatively processed transcripts. Our screening of the Ly5 library using 5' oligonucleotides identified only two of these combinations: one with exons 4+5+6, and the other without any of these exons. The association of exon 4, 5, and 6 splice patterns with transcript initiation from exon la or lb for the LCA molecule does not appear to be celltype-specific . In fact, the isolated clones described contain exon l a with the B-cell insert of exons 4, 5, and 6 (clone 871) and exon lb without exons 4, 5, and 6 (clone 271), which is opposite of the transcript organization that appears to be most abundant for this gene family .
Determination of the amino-acid sequence for the leucocyte common antigen Ly5 allele allows for an examination of the alloantigenic distinctions from the murine Ly5 b allele on a molecular level. Changes in the nucleotide sequence that result in different restriction enzyme patterns (Table 1) for these two murine alleles can now be used in combination with PCR techniques as an allele-specific assay system. Previous distinctions between these alleles have relied upon proteolysis experiments, RFLP patterns, and antigenic reactivities. Cleveland peptide maps generated with V8 protease (Tung et al., 1981) can now be explained by the amino-acid changes at glutamate residues (see Table 1 ) between these two alleles. Also, conventional Ly5 alloantisera (prepared from the immunization of intraallelic F1 mice with cells from the other allele; Scheid and Triglia, 1979) and allele-specific monoclonal antibodies (Shen, 1981) have been shown to distinguish mice carrying the Ly5 (Ly5.1 antisera) or Ly5 b (LyS.2 antisera) alleles (Seldin et al., 1987) . Analysis of the antigenicity of the Ly5 versus Ly5 b alleles based on the amino-acid composition of the extracellular region highlights three major antigenic differences at residues 276-279, 372-381, and 451-456 (Table 2) . Reactivities of the LCA alleles with alloantisera are likely to be due to recognition differences of the amino acids and molecular structure of these domains. The antigenic index for the Ly5 alIele becomes higher in value at only one of these regions (residues 372-381, see 
